UCl 3 type La(OH) 2 I can be stabilized by additional water molecules during a hydrothermal synthesis from hydroiodic acid and lanthanum carbonate hydrate at 453 K to form La ( 
Introduction
The structural variety of ternary and multinary rare earth hydrates containing simple or complex ions has been studied in the past decades [1 -3] . Today only one rare earth (RE) hydroxide halide hydrate with nominal composition 1:2:1:1 has been mentioned in literature. La(OH) 2 Br(H 2 O) was postulated beside La(OH) 2 Br · 1.5(H 2 O) as one product of the hydrolysis reaction of LaOBr with water vapour [4] . The thermal decomposition of these materials was discussed but no proper structure determination was given by the authors. If one tries to find further quasi quaternary 1:2:1:1 RE hydroxide hydrates only one compound has been structurally characterized. La(OH) 2 NO 3 (H 2 O) was prepared by controlled thermal decomposition of La(NO 3 ) 3 · 6H 2 O. The crystal structure of La(OH) 2 NO 3 (H 2 O) [5] could be determined by a Rietveld analysis and the thermal properties were observed by temperature dependant powder X-ray diffraction and thermogravimetry. Unfortunately, all synthetic routes to prepare these materials, that are hydrolysis of LaOBr or dehydration of LaNO 3 · 6H 2 O lead to microcrystalline materials only.
In the field of RE hydroxide halides two different structure types are known to date, the monoclinic 0932-0776 / 06 / 0200-0117 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com 2 X and the hexagonal RE 7 (OH) 18 X 3 type. The RE(OH) 2 X structure (X = F − , Cl − , Br − ) can be derived from the UCl 3 [6] type. Focusing on the number of materials being characterised a drastic decrease can be observed from X = F − to Br − . The preparation, crystal structure and thermal decomposition of RE(OH) 2 X (trivalent RE = La -Ho; X = F − , Cl − ) compounds has been studied by many groups, mainly focusing on the chlorides [7 -12] . In case of X = Br the amount of barely characterized materials is limited to the trivalent RE elements La, Ce and Pr only [13] . RE(OH) 2 I does not exist so far and non stoichiometric phases of the general composition RE(OH) 2−y X y (trivalent RE = Sm -Gd; X = I − , NO 3 − ; y = 0.33 and 0.4) have been reported instead [14, 15] . Since today, no structure model was given for any RE hydroxide iodide of the RE(OH) 2−y X y type.
RE(OH)
The RE 7 (OH) 18 X 3 structure type can be found with the early RE elements. Most of the RE 7 (OH) 18 X 3 type materials containing trivalent RE elements have been characterised from microcrystalline samples (RE = La, Pr; X = I − ; RE = La -Gd; X = Br − and RE = La; X = Cl − ) [15] . Only one single crystal structure determination of a RE hydroxide iodide, that is La 7 (OH) 18 I 3 [16] , is performed for the complete RE hydroxide io- Herein we report the preparation, single crystal structure determination and thermal decomposition of La(OH) 2 I(H 2 O) and discuss the general consequences on RE hydroxide halide structural chemistry.
Results and Discussion
Semi-quantitative EDX analysis of La(OH) 2 I(H 2 O) reveal a 1:1 composition of lanthanum and iodine. Oxygen has been detected as the only additional element. IR spectra substantiate the occurrence of (H 2 O)-and (OH)-groups in La(OH) 2 I(H 2 O) featuring stretching and bending modes in the expected regions. Combined DTA/TG and X-ray powder diffraction data of La(OH) 2 I(H 2 O) show a non reversible two step reaction with the loss of two equivalents of H 2 O. LaOI with PbFCl structure was identified as the final product after the dehydratisation [17, 18] . The intermediate product of this decomposition has not been determined jet. All (1) • and V = 485.6(2)Å 3 at 173 K. The structure was solved by direct methods [19] from Lorentz-, polarisation-and absorption corrected data. Positional and displacement parameters of all La, I and O atoms were refined by least squares methods against F 2 values using the Jana 2000 program package [20] . The positions of the H atoms could not be detected reliably neither by an unrestricted nor a restricted refinement and were therefore rejected. Selected crystallographic data are summarized in Tables  1 -3 . Further details of the crystal structure investigation are available from the Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen (Germany) on quoting the depository number CSD-416012, the name of the author and citation of the paper. A comparable ninefold coordination is common for trivalent lanthanum in an oxygen or mixed oxygen/halogen environment and can also be found in other lanthanum [24] .
From a topological point of view the crystal structures of REOX, RE(OH) 2 X (X = halide) and La(OH) 2 I(H 2 O) are closely related to each other. A stepwise formalism can be postulated to derive the La(OH) 2 X structure directly from the PbFCl type REOX structure. In a first step one has to break RE-X bonds in the REOX structure type (Fig. 2 (1) ) to achieve the desired RE-halide substructure motive as shown in Fig. 2 (2) . After a protonation of the O 2− group and insertion of one additional (OH) group, necessary to balance the charge of the remaining cation substructure, one has to perform an anti-parallel translation of the La/OH part leaving the halides on their positions (Fig. 2 (4) ). As a result one ends up with the UCl 3 related RE(OH) 2 X structure. The translation process of the La/(OH) substructure can be correlated to the development of the hydrogen bonding interaction in RE(OH) 2 X. Hydrogen bonding of (OH) groups to halide ions of neighboured RE(OH) 2 X layers was postulated as the essential interaction for the stabilisation of the layered RE(OH) 2 X structure [8] . Finally an insertion of a water molecule (Fig. 2 (5) ) leads directly to La(OH) 2 
I(H 2 O).
This close relationship between the structure types forced us to examine the reason for the existence of a water stabilised RE(OH) 2 I material with a UCl 3 related structure type instead of a water free one. A space-filling representation of the La(OH) 2 Cl and La(OH) 2 I(H 2 O) structures (Fig. 3) based on ionic radii [25] 2 Cl, would directly lead to a very short I-I distance in neighboured layers, far below two times the ionic radius. As a result of this stacking situation the repulsion of the iodide ions tends to force a non-intercalated packing. Assuming this arrangement, one ends up with large and empty channels within the UCl 3 analogous "La(OH) 2 I" substructure (see Fig. 3 ). Exactly at this position supposed to be the area of the important hydrogen bonding interaction between the donor (OH)-group and the acceptor halide position in a UCl 3 analogous RE(OH) 2 I structure (Fig. 4) . To our opinion the stacking problem, caused by the ion size of the iodide, in combination with the missing hydrogen bond interaction between the [La(OH) 2 )I] layers are the reasons for the destabilisation of a UCl 3 type RE(OH) 2 I phase. The loss of the hydrogen bonding interaction of the postulated RE(OH) 2 I structure is compensated by the addition of spacer molecules (water) to the empty channels, capable to create new inter-and intra-layer donoracceptor interactions between the [La(OH) 2 I] layers in La(OH) 2 I(H 2 O) (Fig. 4) . Donor-acceptor distances of d(O H2 -I) = 3.633(4) and 3.664(4)Å are in the same range than observed for other hydrogen bond stabilized materials like the maximally hydrated rare earth iodides e.g. La(H 2 O) 9 I 3 [24, 26] . This assumption can also be substantiated by taking a closer look to the structural chemistry of isostructural La(OH) 2 NO 3 (H 2 O). If one compares the La(OH) 2 NO 3 (H 2 O) and La(OH) 2 I(H 2 O) structures it becomes obvious that the same structure and bonding principles are realized and that the water molecule plays exactly the same role in the nitrate than in the iodide. Both the inter-and intra-layer donor-acceptor interactions to the nitrate group (see Fig. 4 ), bonded to lanthanum in a monodentate way, demands the rotation disorder of the nitrate group observed in this material. O) is extremely sensitive to the pH value, the concentration of the La 3+ and I − ions and the reaction temperature. A dilution of the starting solution due to neutralisation reasons should be avoided. The solution was transferred to a silica ampoule, cooled down to liquid nitrogen temperature and evacuated to a pressure of approx. 10 −3 bar. The sealed ampoule was heated in a home made autoclave to 453 K and kept at this temperature for 9 days, applying sufficient water pressure to the ampoule. Colourless La(OH) 2 I(H 2 O) was separated from the remaining solution, washed with water and ethanol and dried on air for 3 days. We found metal based yields up to 20%. La(OH) 2 I(H 2 O) can be stored in air for several weeks without decomposition.
Conclusion

Semiquantitative analyses
Electronmicroscopic measurements were performed using a DSM 950 microscope (Fa. Zeiss) fitted with a Link EDX detector system. Bulk material and single crystals of La(OH) 2 
